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Abstract

In this paper, Neutrosophic definitions and properties of some special number sequences which are frequently
found in the science literature, called Neutrosophic Number Sequences (NNSq) via Horadam sequence are
studied for the first time. Especially for Neutrosophic Fibonacci (NFNq) and Neutrosophic Lucas (NLNq)
number sequences, fundamental properties and identities such as Ruggles, Honsberger, Cassini, Catalan,
d’Ocagne, and Tagiuri are given. In addition, Neutrosophic definitions of the sequences of Pell (NPNq),
Pell-Lucas (NPLNq), Jacobsthal (NJNq), Jacobsthal-Lucas (NJLNq), Mersenne (NMNq), Mersenne-Lucas
(NMLNq), Balancing (NBNq), and Lucas-Balancing (NLBNq) numbers are introduced. Besides defining
these numbers and their sequences, since fuzzy and intuitionistic fuzzy sets are restrictions of neutrosophic
sets, sequences of numbers within these sets are naturally and indirectly revealed.
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1 Introduction

Neutrosophic Logic is a nascent field of study in which each proposition is estimated to have a rate of truth
(percentage) in a subset of 7', an uncertainty rate in a subset of I, and a falsity rate in a subset F'. We utilize
a subset of truth (or indeterminacy, or falsity), instead of a number only, since in many situations we are not
capable of specifying the proportions of truth and of falsity strictly but to approximate them: for instance, a
proposition is between 18 — 57% true and between 61 —79% false, even worst: between 32 —44% or 41 —51%
true (pursuant to several observers), and 56% or between 61 — 77% false. The subsets are not essential in-
tervals, but any sets (open or closed or half open/half-closed interval, discrete, continuous, intersections or
unions of the previous sets, etc.) in keeping with the given proposition. Zadeh initiated the landscape by pro-
vide an insight for meaning and mathematical results from uncertainty situations (fuzzy).! Fuzzy sets brought
anew dimension to the concept of classical set theory. Atanassov defined intuitionistic fuzzy sets (IFS) includ-
ing membership and non-membership degrees.? Neutrosophy was proposed by Florentin as a computational
method to the concept of neutrality) Neutrosophic sets (NS) consider membership, non-membership, and
indeterminacy degrees. Intuitionistic fuzzy sets are defined by the degree of membership and non-membership
and, uncertainty degrees by the 1- (membership degree plus non-membership degree), while the degree of un-
certainty is evaluated independently of the degree of membership and non-membership in neutrosophic sets.
Here, membership, non-membership, and degree of uncertainty (uncertainty), such as degrees of accuracy and
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falsity, can be evaluated according to the interpretation of the places to be used. It depends entirely on the
subject area (the universe of discourse). This reveals a difference between neutrosophic set and intuitionistic
fuzzy set. In this sense, the concept of neutrosophic is a possible solution and representation of problems in
various fields. Mathematical differences between NS and IFL are as follows:

I) NS can discern absolute truth (truth in all possible worlds, according to Leibniz) from relative truth
(truth in at least one world), because IN.S (absolute truth) = 11 while IFS (relative truth) = 1. This
has practice in philosophy (see the Neutrosophy). The standard interval [0, 1] used in [ F'S has been
extended to the unitary non-standard interval |~0, 1% [ in NV.S. Parallel earmarks for absolute or relative
falsehood, and absolute or relative indeterminacy are permitted in N.S.

II) There is no limit on T, I, F other than they are subsets of |0, 1%[, thus: 0 < inf T + inf [ + inf F/
< supT + supl + supF < 3Tin NL. This permissiveness allows dialetheist, para-consistent, and
incomplete information to be described in NL, while these situations cannot be described in IFL since F'
(falsehood), T (truth), I (indeterminacy) are restricted eitherto¢ +i+ f = lortot? + f2 < 1,if T,I, F
are all reduced to the points t, i, f respectively, or to sup T 4+ supI + supF = 1 if T, I, F are subsets of
[0,1] in IFL.

The Fibonacci sequence has delighted mathematicians and scientists alike for centuries with its beauty and
its propensity to pop up in quite unexpected places. Leonardo de Pisa has not even guessed that the number
sequences would be so adventurous with the rabbit problem. However, the Fibonacci numbers are surprisingly
found in Pascal’s triangle, Pythagorean triples, computer algorithms, graph theory, and many other areas of
mathematics. They also occur in a variety of other fields such as physics, finance, architecture, computer
sciences, color image processing, geostatistics, music, and art. There have been many studies in the literature
about this special number sequence because of its numerous applications. There are many generalizations on
this sequence some of which can be seen in 44

Table 1: Frequently studied special number sequences in mathematics literature

n 0 1 2 3 4 5 6 7 8 9 Formula
Fibonacci 0 1 1 2 3 5 8 13 21 34 F(n)=F(n-1)+F(n-2)
Lucas 2 1 3 4 7 11 18 29 47 76 L(n)=L(n-1)+L(n-2)
Pell 0 1 2 5 12 29 70 169 408 985 P(n)=2P(n-1)+P(n-2)
Pell-Lucas 2 2 6 14 34 82 198 478 1154 2786 PL(n)=2PL(n-1)+PL(n-2)
Jacobsthal 0 1 1 3 5 11 21 43 85 171 J(n)=J(n-1)+2J(n-2)
Jacobsthal-Lucas 2 1 5 7 17 31 65 127 257 511 JL(n)=JL(n-1)+2JL(n-2)
Mersenne 0 1 3 7 15 31 63 127 255 511 M(n)=3M(n-1)-2M(n-2)
Mersenne-Lucas 2 3 5 9 17 33 65 129 257 513 ML(n)=3ML(n-1)-2ML(n-2)
Balancing 0 1 6 35 204 1189 6930 40391 235416 1372105 B(n)=6B(n-1)-B(n-2)
Lucas-Balancing 1 3 17 99 577 3363 19601 114243 665857 3880899 BL(n)=6BL(n-1)-BL(n-2)

In a sequence of numbers containing a given rule, any three consecutive terms related to each other can be
defined by the second-order linear difference equation. The relation between the terms of the sequence, where
H,, is a sequence of numbers. If AH,, 1+ BH,,_5, where A and B € Q, it can be defined by the second-order
linear difference equation. The characteristic equation of this sequence can be expressed as v2 — Ay — B = 0.
The characteristic roots of the equation 42 — Ay — B = 0 are found as v, = A+vAZ+4B ”2‘2“‘3 A—yAR44B “‘2‘2“‘3.
The general solution of this sequence is

and yp =

H, =677 +doyy, n>1
It is found §; and d, using initial conditions H; = e and Hs = f of the sequence.

Fibonacci and Lucas numbers are defined by the recurrence relations, respectively. F}, 1o = Fj,41+ F,, Fo =
0,Fi =1,n>2and Ly42 = Lpy1 + Ly, Lo = 2, Ly = 1,n > 2. The nth Fibonacci and Lucas number

are formalized as F,, = a;:g" and L,, = o" + B", where o = 1*—2‘/5, B = % - F, = a;:gn and L,, =

a™ + 8™, this form of formulation is called the Binet’s form 1>
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2 Preliminaries

In this section, we give the fundamental preliminaries of fuzzy Fibonacci numbers and Neutrosophic Triangular
Numbers. Also, some basic concepts that are fundamentals of this paper will be covered. Definitions of a
Single Valued Triangular Neutrosophic Number (SVTiN), its a-cut, S-cut, and ~y-cut sets and arithmetical
operations on them are the below.

Definition 2.1. "9 Let {F,,} be Fibonacci sequence. For n > 0 integer, Fuzzy Fibonacci numbers are defined
as

Fo = [Frnmny+t + @ (Frnst = Frine1)+1) » Fra )41 — @ (Fr(ngn) 11t — Frot) ]

where 7,0 € Ztand o € [0,1]. When we take r = 1 and [ = 0, several Fuzzy Fibonacci numbers are
following;
Fe=[1-a,1+al,F"=[a1], F3' =[1,2+ o], F§' = [1+ a,3+q],...

Since Fuzzy Fibonacci numbers include Fibonacci numbers, then Fuzzy Fibonacci numbers satisfy the similar
recurrence relation with initial conditions F§' = [1 — «, 1 + o], F}* = [«, 1]. That is

Fo = F, +FY,
forn > 2.

Definition 2.2. "9 Let {L,,} be Lucas sequence. For n > 0 integer, Fuzzy Lucas numbers are defined as
L2 1= [Lrg—1y41 + & (Lrntt = Len—1)+1) > Lrtnt1)+1 — @ (Lrna1y+1 — Lrni) ]
where 7,1 € ZTand « € [0, 1]. When we take r = 1 and [ = 0, several Fuzzy Lucas numbers are following:
LY =[2—-a,3—2a|,L5 =[1+20,4—0a], L =34+, 7—3a],...

Together with initial conditions L§ = [-1 + 3«, 1 + a], LY = [2 — a, 3 — 2a], Fuzzy Lucas numbers satisfy
recurrence relation. That is
Ly =Ly 1+ L5

forn > 2.

Definition 2.3. A Single Valued Triangular Neutrosophic Number (SVTIN) a = {((a, b, ¢); wa, us, yz) is a
special neutrosophic set on the set of real numbers R, whose truth-membership, indeterminacy-membership
and falsity-membership functions are respectively defined as follows:

(z—a)wg

e a<x< b
pg(z) = %, b<z<c
0, otherwise
7b_m+b(f;“)"a, a<xz<b
Vala) = § z=brlesmua <0 < ¢
P RS
0, otherwise
7b_w'2(f;a)ya, a<z<b
,_b+ ~— i
5z (x) = %, b<z<c
0, otherwise

The values wg, ug and y; represent the truth-membership, indeterminacy-membership and falsity-membership,
respectively, such that they satisfy the conditions 0 < w; < 1,0 < uz < 1,0 <yz < land 0 <
wg + uz + ya < 3. Additionally, if « > 0 and ¢ > 0, then the SVTIN a = ((a, b, ¢); wg, uz, ya) is called a
positive SVTIN, denoted by a > 0. if ¢ < 0 and a < 0, then the SVTIN @ = {((a, b, ¢); wa, ua, ya) is called a
negative SVTIN, denoted by a < 0.
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Definition 2.4. 2.2 A a-cut set of a SVTIN a = {((a, b, ¢); wa, ua, ya) is a crisp subset of s set R, which is
defined as G, = {x | pa(z) > @,0 < a < wgz}. a, is a closed interval, denoted by a, = [La(«), Ra(a)], «
cut set of a SVTrN for truth-membership can be calculated as follows:

(wg —a)a+ab (w, —a)c+ ab

La(o), Rafo] = | , |

Wg Wg

Definition 2.5. A fS-cut set of a SVTIN @ = ((a, b, ¢); wa, ugz, ya) is a crisp subset of set R, which is defined
asag = {z | Ya(z) < B,uz < B < 1}. ag is a closed interval, denoted by ag = [Lz(3), Ra(8)], B cut set of
a SVTrN for indeterminacy-membership can be calculated as follows:

(1-8)b+(B—wua)a (1—ﬁ)b+(5—ua)1

].—’LL& ’ 1—u;1

(La(B), Ra(B)] = [

Definition 2.6. A ~-cutset of a SVIIN @ = {(a, b, ¢); ws, ua, ya) is a crisp subset of s set R, which is defined
as ay = {z | 0a(x) <v,ya <y < 1}. a, is a closed interval, denoted by @~ = [La(7), Ra(7)], v cut set of a
SVTrN for falsity-membership can be calculated as follows:

Lalo) Ra(y)] = | L= O vee QZaRt O Zwme),

In a similar way to the arithmetical operations of the neutrosophic numbers, the arithmetical operations
over SVTrNs might be defined by Deli and Subag. Obviously, if wz = 1,uz; = Oandy; = 0 ;a =
{(a,a,a);1,0,0) and b= ((b,b,b);1,0,0) are the single valued triangular neutrosophic numbers, then the
arithmetical operations generate equalities as follows:

.a+b={((a+ba+ba+b);1,0,0)
ii. a—b={((a—b,a—ba—0);1,0,0)
((ab,ab,@b);1,0,0), ifa>0andb> 0,
iii. ab={ ((ab,ab,ab);1,0,0), ifa<O0andb> 0,
(@b, ab,ab);1,0,0), ifa<Oandb <0,

((a/b,a/b,a/b);1,0,0), ifa>0andb> 0,
iv. a/b= 1 ((a/b,a/b,a/b);1,0,0), ifa<0andb >0,
((@/b,a/b,a/b);1,0,0), ifa<0andb <0,
NG — ((M\a, Aa, Aa);1,0,0), if A >0,
| (M@, Aa, Aa); 1,0,0), if A <O,

vi. a'={(1/a,1/a,1/a);1,0,0)

3 Neutrosophic Fibonacci and Lucas Numbers

In this section, Neutrosophic numbers including Fibonacci and Lucas number sequences with quadratic char-
acteristic equations will be defined.

Definition 3.1. Let {F},} be Fibonacci sequence. For n > 1 integer, Neutrosophic Fibonacci numbers are
defined as

Fra(f:yl)_,_l = ([Fr(n71)+l +o (Frn—H - Fr(n71)+l> »Fr(n+1)+l -« (Fr(n+1)+l - Frn+l)] ’ [(1 - B)Frn—kl
+5Fr(n—1)+lv (1 - B)Frn+l + BFr(n—Q—l)—Q—l] ) [(]- - ’y)FrnJrl + ’VFr(n—l)—Q—lv (]- - ’y)FrnJrl
+YE (g 1)+1))

where 7,1 € ZT,r(n —1)+1 > 1;a,8,7y € [0,1] and 0 < o + B+ v < 3. When we take r = 1 and [ = 0,
several Neutrosophic Fibonacci numbers are following:

F(;l,ﬁ,’y = ([a71]7[1_671]a[1_771]); Flaﬁﬁ = ([172_04]7[1,14'5}7[1
A4+ BT = (L4 a,3-al,[2- 8,2+ 8, [2-7,2+7);. ..
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Remark 3.2. The first number of a Neutrosophic Fibonacci sequence for « = 0.7, = 0.23,7 = 0.07 is
FT02300T — (10.7,1], (0.8, 1], [0.93, 1]) can be seen (bold colored) in Table 2. Moreover, if we use only a,
we obtain fuzzy Fibonacci number sequence and if we use o and y s.t. a + v < 1, we obtain intuitionistic
fuzzy Fibonacci number sequence.

Table 2: The first 6 elements of Neutrosophic Fibonacci Sequence for «, 3, and -y cuts.

e’ B il Fo P Fa F3 Fy Fs Fo Fy > F3 Fy Fs
Left Truth Right Truth
1 0 1 1 1 2 3 5 8 1 1 2 3 5 8
09 0.05 0.9 0.9 1 1.9 2.9 4.8 7.7 1 1.1 2.1 32 53 8.5
0.8 0.2 0 0.8 1 1.8 2.8 4.6 7.4 1 1.2 22 34 5.6 9
07 023 0.07 0.7 1 1.7 2.7 4.4 7.1 1 1.3 23 3.6 5.9 9.5
0.6 0.6 0 0.6 1 1.6 2.6 42 6.8 1 1.4 2.4 3.8 6.2 10
0.5 0.5 0.5 0.5 1 L5 2.5 4 6.5 1 1.5 2.5 4 6.5 105
0.4 0.4 0.04 0.4 1 1.4 2.4 3.8 6.2 1 1.6 2.6 4.2 6.8 11
0.3 0.3 1 0.3 1 1.3 2.3 3.6 5.9 1 1.7 2.7 4.4 7.1 11.5
0.2 0.2 0.2 0.2 1 12 2.2 34 5.6 1 1.8 2.8 4.6 7.4 12
Left Indeterminacy Right Indeterminacy
1 1 2 3 5 8 1 1 2 3 5 8
1 1 2 3 5 8 1 1.05 205 3.1 515 825
0.95 1 195 295 49 785 1 1.2 22 34 5.6 9
0.8 1 1.8 2.8 4.6 7.4 1 123 223 346 569 9.15
0.77 1 1.77 2.77 4.54 7.31 1 1.6 2.6 42 6.8 11
0.4 1 1.4 2.4 3.8 6.2 1 1.5 2.5 4 6.5 10.5
0.5 1 1.5 2.5 4 6.5 1 1.4 2.4 3.8 6.2 10
0.6 1 1.6 2.6 42 6.8 1 1.3 23 3.6 59 9.5
0.7 1 1.7 2.7 4.4 7.1 1 1.2 22 34 5.6 9
Left Falsity Right Falsity
0 1 1 2 3 5 1 2 3 5 8 13
0.1 1 1.1 2.1 32 53 1 1.9 29 4.8 77 125
1 1 2 3 5 8 1 1 2 3 5 8
0.93 1 193 293 486 779 1 1.07 207 314 521 8.35
1 1 2 3 5 8 1 1 2 3 5 8
0.5 1 1.5 2.5 4 6.5 1 1.5 2.5 4 6.5 105
0.96 1 196 296 492 7.88 1 1.04 204 3.08 5.12 8.2
0 1 1 2 3 5 1 2 3 5 8 13
0.8 1 1.8 2.8 4.6 7.4 1 1.2 22 34 5.6 9

Remark 3.3. Neutrosophic Fibonacci numbers satisfy the similar recurrence relation with initial conditions
since Neutrosophic Fibonacci numbers include Fibonacci numbers. That is

Félﬁxy

and

Ff"ﬁ”y

FP7 = FRRY + By on > 2.

Definition 3.4. Let {L, } be Lucas sequence. For n > 2 integer, Neutrosophic Lucas numbers are defined as

LY = (Lrtneny4t + a(Lpntt = Loty ), Lenany+1 — A Lrtngayst = Leng )], (1= B) Lonys +

BLr(n—l)—Hv (]- - B)L'r‘nJrl + 5L7"(n+1)+l]1 [(]— - V)L'r‘nJrl + 'yLr(n—l)-&-la (1 - ’Y)Lrnqu + ’YLT(n—&-l)-&-l])

where r,l € ZT,r(n —1)+1> 1;0,8,7€ [0,1]and 0 < o+ B+ < 3. When we take r = 1 and [ = 0,
several Neutrosophic Lucas numbers are following:

LiP7 = (1420,4— 0], [3-28,3+8],[3-27,3+9]); L7 = (3+0,7—30a],[4— 8,4+
3ﬁ]7 [4 _774"_37]);‘[’(2}7&7 = ([4+ 3&711 - 40[], [7_ ?’Ba7+4ﬁ]7 [7_ 3’7a7+4’}/])7 oo
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Remark 3.5. Since Neutrosophic Lucas numbers include Lucas numbers, then Neutrosophic Lucas numbers
satisfy the similar recurrence relation with initial conditions L7 and LS. That is

Lgaﬁﬂ’ — Lz;ﬁ{y + Lg;ﬂg}”n Z 2

Remark 3.6. The numbers consisting only of the truth-membership value of the Neutrosophic Fibonacci and
Lucas numbers are called the Fuzzy Fibonacci and Lucas numbers respectively, where o € [0, 1] should be
0<a<l.

Remark 3.7. The numbers consisting of only the truth-membership and falsity-membership values of the
Neutrosophic Fibonacci and Lucas numbers are called the Intuitionistic Fuzzy Fibonacci and Lucas numbers
respectively, where o, 8 € [0, 1] shouldbe 0 < oo+ 5 < 1.

Proposition 3.8. F#Y be nth Neutrosophic Fibonacci number such that n. > 1 integer. The Binet’s formula
of the FPY numbers is

T AN e I ke W e e - S e - S ﬁ” vyt
Foub = ta ta ,

Y1 — 72 Y1 — 72 Y1~ 72 Y1~ 72 -2
- 7§> (v?“ 73*2 L = ﬂ Kﬁ” Bt
Y1 =72 Y1 =72 Y1 =72 Y1 =72
n__ .mn n+2 n+2 n+1
A %)7(% — +W7 — )})
71— 72 71— 72 Y1 — 72
where v, = H“[ and vy, = \/g are roots of the characteristic equation of the Fibonacci numbers, o, 3,y €

[071]and0§a+ﬁ+7§3

Proof: The proof by induction is applied on n. Similarly, Binet’s formula for Neutrosophic Lucas numbers is
obtained as

Ly = ([ + ™ a0 +92) . (0P + 57 +a (7™ +95 )] (12 + 05 ™2
—BOT+7), (BT +32 +8) (Pt + ] (PP BT = (0 +48) L (T
%P+ (P )]

Proposition 3.9. F%7 be nth Neutrosophic Fibonacci number. The generating function formula of the
FoBY numbers is

(2+a,5-2a,3-08,3+20,B—73+29)+ (1 +a,3—a],2-8,2+8,[2—7,2+4])t
1—t—t2

h(t) =

where v, B,y € [0,1] and 0 < a4+ 4+ v < 3.

Proof: Let h(t) be generating function for the Neutrosophic Fibonacci numbers as h(t) = Y o7 | F&P7¢n,
Using h(t), —t(h)t and —t2h(t) we get the following equations, —th(t) = Y o7 | F*#7¢"+1 and t2h( ) =
— Y22 E&P¢n+2 After the needed calculations, the generating function for the Intuitionistic Fuzzy Fi-
bonacci numbers is obtained as

FQ(%BKY + (F;,B-,"f _ FQ(%BKY) ¢

hlt) = 1—t—¢2
h(t): ([2"_@75_20‘}7[3_573+2ﬂ}7[3_%3+27])+([1+O‘73_0‘]’[Q_ﬁa2+6]v[2_7,2+7])t
1—t—t2 '

The proof is completed. Similarly, generation function formula for Neutrosophic Lucas numbers is obtained
as

m(t) =

1—t—1t2
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4 Some Properties of Neutrosophic Fibonacci and Lucas Numbers

In this section, we generalize some well-known identities of Fibonacci and Lucas numbers to Neutrosophic
Fibonacci and Lucas numbers. We show that common identities and equalities in number theory and Koshy’s
book!™ are hold for Neutrosophic and Lucas Fibonacci Numbers. We notice that although some of the proper-
ties of formulas remain the same, the others change.

Proposition 4.1. F%7 and LS5 be nth Neutrosophic Fibonacci and Lucas number such that n > 1
integer, respectively. Then, the following equalities hold:

(a) Foi3" = F57 = Lo

(b) Fy" + F7 = Lo

(c) Lyl + Ly = 5Eg0

(d) sz{f _ sz’Qﬁ — 5Fﬁhﬂ7’y

(e) FoBY 4 LoBy = QFSjrﬁl,"/
Proof:

@ F5 — Foh7 = ([Fugs + aFnso, Fuss — aFuis), [Fara — BFus2, Fora + BFoysl, [Frsa—
7Fn+2; Fn+4 + ’YFnJrB]) - ([anl + aFn727 Fn+1 - aanl]a [Fn - /8an2) Fn + BanlL [Fn -
YE,_9, Fpt vF,_1]). Since F, 1o — F,,_5 = L, 12 then we get together with DeﬁnitionﬂFs‘fQ’“’ —
Fy” = Lo,

Similarly, the other proofs can be obtained easily.

Proposition 4.2. (Ruggles’s Identity ) F?"7 be nth Neutrosophic Fibonacci number such that m,n > 1
integer. Then, the following equality holds

FolOpel + FoPYESST | 22 (Fy, Foya, Foia)

= ([Fn + aFrL+17 Fn+4 - O4}771—‘,-3] ) [F7L+2 - Ban Fn+2 + ﬁF7L+4] ) [F7L+2 - 'YFm Fn+2 + VFn+4])

Proof: Let’s prove the truth-membership value first.
F oy o +
= [Fint1 + aFp, Frnys — aFpia] [Foomte + aF i1, Foomga — aFp o]
+ [Fin + aFm—1, Fyo — aF ] [Fuemt1 + 0Fn—m, Fn—mis — aFp_mi1]
= [Fni1Fmi2 + FnFomg1 + o (Fpr Faomgr + Fn B + FrnFo g2 + Frn 1 F—g1)
+ 0 (FonFpmi1 + F1Fnm) s FmssFp_mya + FyoFp_mys
—a(Fntsbnmi2 + Fmp1 Foomia + P2 Foomegt + FinFoomys)
+a? (Fnp1Fa—my2 + Fan—m+1)]

Since Fy,_1F, + F,,Fyi1 = Fpy 2 then we have that
FoFY o+ FS FY . = [F,+2aF, 1+ a’F,_o, Fopy — 2aF, 15 + o*F,].

We put o = 0 and o = 1 in order to convert this Neutrosophic number to c-cut interval. Then we get the
truth-membership value

F%Fs—m-&-l + FngFs—m = [Fn + aFn+17 Fn+4 - aFn-i—S] .
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Similarly, we find the indeterminacy-membership value

Ff’LFr,?—m-&-l + Fv{i—anfm
=[(1 = B)?Frys +2(1 = B)BEyi5 + B Frpo, (1 — B)?Fria +2(1 — B)BE, 15 + B Fye] -

We put 5 = 0 and 5 = 1 in order to convert this Neutrosophic number to S-cut interval. Then we get the
indeterminacy-membership value

F’ELFf—m-&-l =+ Ffl—an—m = [F7L+2 - ﬁFna Fn+2 + ﬂFn+4] .
Finally, we find the falsity-membership value

FE iy + F i FY

n—m

= [(1 = )?Faga + 2(1 = )vFogs + ¥ Fga, (1 = 7)?Foga + 2(1 — )7 Fgs + Y2 Frgs) -

We put v = 0 and v = 1 in order to convert this Neutrosophic number to ~y-cut interval. Then we get the
falsity-membership value

F%ij—m-&-l + F7’ZL—1FTZ—W = [FTH-? - 7Fn7 Fn+2 + 7Fn+4] .
The same identity is obtained as

La,BszLBﬁ + L,‘ff"VLz’_B,’,;’H > 5(Fp, Fryo, Fops)

m—1 m

=5 ([Fn + aFnJrh Fn+4 - aFn+3] ) [Fn+2 - Ban Fn+2 + ﬁFnJréd ) [Fn+2 - ’VFru Fn+2 + 'YFn+4])
for Neutrosophic Lucas number.

Proposition 4.3. (Honsberger’s Identity ) F?7 be nth Neutrosophic Fibonacci number such that m,n > 1
integer. Then, the following equality holds

F 20 Bt 4 PV B 2 By Futmsas Fumea)
= ([Fn—i-m, + O[Fn,+7n+1a Fn+m+4 - aFn—i—m+3] ) [Fn+m+2 - 6Fn+m7 Fn+m+2 + BFn+m+4] ) [Fn+m+2
_7Fn+m; Fn+m+2 + 7Fn+m+4]) .

Proof: Honsberger’s identity is obtained by taking n = n + m in the Ruggles’s identity. The same identity is
obtained as

Lo Lo 4 L P VL™ 2 5 (P, Fme 2, Fagmea)
= 5 ([Fn+m + aFn+m+17 Fn+m+4 - aFn+m+3] ) [Fn+m+2 - ﬁFn—Q—m; Fn+m+2
+6Fn+m+4] ) [Fn+m+2 - ’YFn—i-m, Fn+m+2 + ryFn+m+4D

for Neutrosophic Lucas number.

Proposition 4.4. F>%7 and L%P7 be nth Neutrosophic Fibonacci and Lucas number such that n > 1
integer; respectively. Then, the following equalities hold:

(a) (Fg-5) + (F;j‘fl”y)2 =3

(b) (L2P)? + (Lgfp)Q > 5FAT
e (i) - () = mgpo
(d) (Lifi”)2 - (Lffi*fﬁf = 5FgPn
(e) F&PYLB = F;:;Bw
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Proof (a): Let’s prove the truth-membership value first.

(F2)? = [Fuy1t aFp, Fuys — aFnia] [Frg1 + aFy, Foys — aFpy)
= [F2,, +2aF, 1 Fy + o*FL Fr g — 20F, 4 3F, 1 + o Fo ]

n

We put @ = 0 and o = 1 in order to convert this Neutrosophic number to a-cut interval. Then we get the

truth-membership value and
e} 2 ~
(Fp)” = (F3+1,F3+2,F3+3) :Fr%+2

2 2 2 2 2
(F'r?—&-l) = (Fn+27 F7L+37 Fn+4) = Fn+3
Since F? 4+ F2,, = Fy,1," then we get that
@B\ 2 @87\ o By
(F277)" + (Fnjrf ) = Fypiy'

Similarly, we find the indeterminacy-membership and falsity-membership value. The other steps of proofs are
easily obtained with the same way.

Proposition 4.5. F%%7 and L%P7 be nth Neutrosophic Fibonacci and Lucas number such that n > 1
integer, respectively. Then, the following equalities hold:

(a) ZZLZI Fia,ﬂ,’v — Fﬁi_@'y _ FQaﬂ,’y
(b) ZZLZI F;,ﬂ,’v — F;nf_f _ Flaﬂ,'y
(c) ZZL:Q F;;,fi’v — F;;;ﬁ”y _ Flaﬂ,'y
n o, B,y 2 ~ a,B,y By
(d) Zi:l F; = FPE
(e) ZZLZI L?ﬁn _ szgy _ Lgﬁﬁ/
(N Yy Ly = L5 — 1P

(8) iy L2y = L7 — Ly

2
() Sy (L007) & Lo Lol — L300 4+ 1970

Proof (a): Let’s prove the truth-membership value first.
n+1 n n+3 n+1

iFﬁ =Y Fi+a) F,Y Fi-a) F
i=1 =2 i=1 =4 =2

= [(Foys —Fo— Fi)+a(Fupe — F), (Fuys — F5) — a(Fhy3 — Fo — Fy)
= [Fn+3 + aFnio, Frgs — aFn+3] — [F3 + aFy, Fy — OéFg] = F;LXJFQ — F2a

Similarly, we find the indeterminacy-membership and falsity-membership value. The other steps of proof are
easily obtained by following the same way.

Remark 4.6. Some special sequences well-known for the Fibonacci and Lucas sequences have also been
calculated for the neutrosophic Fibonacci and Lucas numbers. The proofs of these equations are omitted.
F87 and L% be nth Neutrosophic Fibonacci and Lucas number such that n > 1 integer, respectively.
Then, the following equalities hold:

(a) Tagiuri’s Identity :

Epl0 Fhy = Fay P EP o (<1)" ™ (— Fi i, O, Fy P )

m+k T n—
L%iﬂLifév - L%ﬂ,sz,ﬁ,v = 5(_1)nik+1 (_Fkafn+ka Oa FkafnnLk)
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(b) d’Ocagne’s Identity :

FgfivFa,ﬁﬁ _ F%;B;’YFS,BKY o (_1)n71 (—Fo—ns1,0, Froons1)

n—1

L%f—’l’yl’g’—ﬂlﬁ - Lg{ﬁﬂLzﬁﬁ = 5(_1)n - (menJrlva menJrl)

(c) Catalan’s Identity :

strﬁkag,_ﬁév _ Fﬁ"@”Fﬁ’B’” o (_1)7171@ (_sz, 0, FkQ)

sz];szLﬁg _ Lgﬁ,’vL%,Bﬂ o 5(_1)n—k'+1 (—F,?,O,F,?)

(d) Cassini’s Identity :

FOOVESRT — FoPFSAT 22 (—1)"71(=1,0,1)

Ly LY — Ly L7 22 5(—1)"(~1,0, 1),

5 Other Neutrosophic Number Sequences

In this section, we focus to define numbers and their sequences of Neutrosophic and Neutrosophic-Lucas ver-
sions, and the recurrence relations with various initial conditions in the second book of Koshy 8 Sequences
of neutrosophic numbers whose characteristic equation of the second order can be defined within number se-
quences such as Pell 18 Pell-Lucas®® Jacobsthal 2 Jacobsthal-Lucas ™ Mersenne 2? Mersenne-Lucas,*!' Bal-
ancing,?? and Lucas-Balancing ?? Definitions of these neutrosophic number sequences are given below.

Definition 5.1. Neutrosophic Pell numbers are defined as follows:
P(?’B”Y = ([04,2—04],[l—ﬂ,l—FﬁL[l—’Y,l—F’Y]), Pla,ﬂﬁ = ([1+(1,5—30¢], [2_/832+36]a [2_7a2+
37)); P3P = (12 + 30,12 — 70, [5 — 38,5+ 78], [5 — 37,5+ TH]); - . .

Remark 5.2. Neutrosophic Pell numbers satisfy the recurrence relation with initial conditions Pg"ﬂ 7 and

P Thatis P98 = 2PA7 4 BB n > 2,

Definition 5.3. Neutrosophic Pell-Lucas numbers are defined as follows:
PLYP = (12,6 — 4a], [2,2+ 4B, 2.2+ 49]));  PL3™ = (124 4a, 14 - 8al, [6—
43,6 + 84],[6 — 4,6 + 8v]); PLS"ﬁ’7 = ([6 + 8,34 — 20a, [14 — 83,14 + 204], [14—
8v,14 4 207]);.

Remark 5.4. Neutrosophic Pell-Lucas numbers satisfy the recurrence relation with initial conditions PLg’ﬁ "
and PLY?7. Thatis PL2#Y = 2PLYPY 4+ PLYPY n > 2.

Definition 5.5. Neutrosophic Jacobsthal numbers are defined as follows:

JoPT = (1], 1= 8, 1), 1=, 1]); - I = ([1,3 = 2a], 1,1+
28], [1,1+29)); 577 = ([1 + 20,5 — 2], [3 - 28,3+ 28], [3 — 27,3 + 27));

Remark 5.6. Neutrosophic Jacobsthal numbers satisfy the recurrence relation with initial conditions J' By

and JP7 Thatis J&87 = J&5T 4 27087 5 > 2,

Definition 5.7. Neutrosophic Jacobsthal-Lucas numbers are defined as follows:

JLG?T = ([L+ 40,7~ 2a], [5 = 48,5 + 26, [5 — 47,5+ 29]);  JLP™7 = ([5+ 20,17 — 10a], [7 - 26,7+
108],[7 — 27,7 + 104]); JLS* = ([7 + 10, 31 — 140], [17 — 108, 17 + 146, [17 — 107,17 + 144]); ...
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Remark 5.8. Neutrosophic Jacobsthal-Lucas numbers satisfy the recurrence relation with initial conditions
JLGPY and JLSPY. Thatis JLEAY = JLOPY 427097 n > 2.

n—2°
Definition 5.9. Neutrosophic Balancing numbers are defined as follows:
Bg"ﬁ”y = ([a,6 — 5al,[1 = 8,14+ 58], [1 —v,1+ 5v]); Bf’ﬁﬁ = ([1 + 50,35 —29a], [6 — 55,6 + 290], [6—
57,6 + 297]); B;"ﬂ’”Y = ([6 + 29, 204 — 169a], [35 — 295, 35 + 1690], [35 — 29, 35 + 1697]); . . .

Remark 5.10. Neutrosophic Balancing numbers satisfy the recurrence relation with initial conditions By By

and B{?7. Thatis B&#7 = 6B — B57 n > 2.
Definition 5.11. Neutrosophic Lucas-Balancing numbers are defined as follows:
BLS"ﬁ‘” = ([142a,17—14¢],[3—208,3+1403], [3 —2v, 3+ 147]); BL‘f"ﬁ’7 = ([3+ 14,99 —82a], [17—

148,17 + 828), [17 — 147,17 + 829]);  BLY?Y = ([17 + 82a, 577 — 478q], [99 — 823,99 + 4783], [99—
827,99 + 4787]); . ..

Remark 5.12. Neutrosophic Lucas-Balancing numbers satisfy the recurrence relation with initial conditions
BLy"" and BL{"”7. Thatis BLS?Y = 6 BLY"" — BLY") 0 > 2.

Definition 5.13. Neutrosophic Mersenne numbers are defined as follows:
M(;l’ﬁﬁ = ([av 3— 20‘}7 [1 - [37 1 +2B]7 [1 -7 1 +2’YD1 M{l,ﬁyﬂy = ([1 +2aa 7740‘]a [3 - 2B7 3+45}7 [37
29,3+ 47]); M;"B’7 = ([3+4a,15 —8al,[7— 48,7+ 88],[7T — 47,7+ &]);. ..

Remark 5.14. Neutrosophic Mersenne numbers satisfy the recurrence relation with initial conditions M’ B2y
and M7 Thatis M2P" = 3M™P — 2M®F, n > 2.

n—2»

Definition 5.15. Neutrosophic Mersenne-Lucas numbers are defined as follows:

MLSPY = (24,5 —20a],[3— 8,3+ 26],[3—7,3+27]); ML = ([3+ 20,9 — 40, [5 — 28, 5+
46),[5 — 27,5 + 49]); MLSPY = ([5 + 40,17 — 8a],[9 — 48,9 + 86],[9 — 47,9 + 87)); ...

Remark 5.16. Neutrosophic Mersenne-Lucas numbers satisfy the recurrence relation with initial conditions
MLSP7 and MLSP7 . Thatis ML2AY = 3MLYP, — 2M L5, n > 2.

n—1 n—27

6 A Generalization of Neutrosophic Number Sequences via Horadam

In this section, we introduce a generalization approach of Horadam® interpretation version of Neutrosophic
number sequences. The well-known sequences, A and B € Q, defined by the second-order linear difference
equation in the form of H,, = AH,_1 + BH,,_2, can be grouped according to their initial conditions as
follows:

Hn = AHn_l + BHn_Q and Ho = O,Hl = 1,
Hn = AHn,1 + BHn,Q and HO = 2,H1 = A,

Hn = AHn_l + BHn_Q and Ho = 1,H1 =

o

Hn = AHn—l + BHn_g and HO = O,Hl =

ol

Definition 6.1. Let { H,,} be Horadam sequence. For n > 0 integer, fuzzy number sequences via Horadam are
defined as

HS’B”Y = (anla H’ru Hn+1) = [anl + a(Hn - anl)y HnJrl - a(Hn+1 - Hn)]
where o € [0,1] .
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Table 3: Some well-known number sequences via Horadam Interpretation

Initial Conditions

A B H, Sequence Name Ho H,
1 1 H,_1+H, > Fibonacci 01
1 1 H,_ 1+ H,_»> Lucas 21
2 1 2H, 1+ H, o Pell 01
2 1 2H, 1+ H, o Pell-Lucas 2 2
1 2 H, 1+2H, 5 Jacobsthal 01
1 2 H,_1+2H,_o Jacobsthal-Lucas 21
3 -2 3H, 1—2H, o Mersenne 01
3 —2 3H,_1—2H,_5 Mersenne-Lucas 23
6 -1 ©6H,_.1—H,_> Balancing 01
6 -1 6H,1—H,o Lucas-Balancing 13
2 1 2H, 1+ H, o Modified-Lucas 11
P q pH, 1+qH, 2 Horadam rs

Definition 6.2. Let {H,,} be Horadam sequence. For n > 0 integer, intuitionistic fuzzy number sequences
via Horadam are defined as

HS’B’V = (anlaHn7Hn+1) = ([anl + a(Hn - anl)aHnJrl - a(HnJrl - Hn)]»[Hn - ’Y(Hn -
H,1),H, +~v(Hut1 — Hy)]) where o,y € [0,1] and 0 < v + v < 1.

Definition 6.3. Let {H,} be Horadam sequence. For n > 0 integer, neutrosophic number sequences via
Horadam are defined as

HS’BW = (Hn—laHn»Hn—Q—l) = ([Hn—l + a(Hn - Hn—l)aHn—&-l - a(Hn+1 - Hn)]v [Hn - ﬁ(Hn -
anl)an + 5(Hn+1 - Hn)]a [Hn - ’Y(Hn - Hn71)7Hn + ’Y(anLl - Hn)]) Where 0[757’7 S [07 ]-} and
0<a+B+v<3.

7 Applications

In this paper, we have studied interval valued neutrosophic sequence versions of many number sequences. Due
to the usefulness and nature of number sequences, we have provided many alternatives for application to real-
life problems. On the other hand, since each of the series we studied can correspond to a moment or situation,
it can be easily applied to many fields such as forecasting, statistical methods, decision-making systems,
mathematical economics. On the other hand, in terms of core mathematical research, many applications and
features can be easily studied in areas such as mathematical analysis, matrix theory, theory of functions, graph
theory, and sequence spaces on number sequences. In summary, we believe that this study opens a door for
novel work, both theoretically and in terms of its application to real life problems.

8 Conclusions

In this paper, we have given a comprehensive introductory study of Neutrosophic number sequences as a guide,
by exemplifying tables (in Appendix A) and studying basic number sequence properties. As a future direction,
we plan to study other identities and properties of number sequences by increasing the diversity of these num-
ber sequences. Researchers, who are far from neutrosophic studies, might think that the scope of this paper is
limited to neutrosophic at first glance, but since Neutrosophy is a nice fuzzy generalization, we offer a field of
study for all fuzzy varieties and will continue to work with picture fuzzy, type fuzzy sets (like type-2 etc.) and
extensions.
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9 Appendix A

In Appendix A, in order to prevent the reader from drowning in the formulas, the calculated formulas for all
the number sequences mentioned in the paper are given as tables.

Table 4: The first 6 elements of Neutrosophic Lucas Sequence for «, 3, and -y cuts.

fe% 154 y Lo Ly L, Ls Ly Ls Lo Ly L, Ls Ly Ls
Left Truth Right Truth
1 0 1 3 4 7 11 18 29 3 4 7 11 18 29
09 0.05 0.9 2.8 39 67 106 173 279 3.1 43 74 11.7 19.1 30.8
08 02 0 26 338 6.4 102 166 2638 32 46 78 124 202 326
0.7 023 0.07 24 37 6.1 9.8 159 257 33 49 82 131 213 344
06 06 0 22 36 58 94 152 246 34 52 86 138 224 362
0.5 0.5 0.5 2 35 5.5 9 145 235 35 55 9 145 235 38
04 04 0.04 1.8 34 52 86 138 224 36 58 94 152 246 398
0.3 0.3 1 1.6 33 49 82 131 213 3.7 6.1 9.8 159 257 41.6
02 02 02 14 32 46 78 124 202 3.8 6.4 102 166 268 434

Left Indeterminacy

Right Indeterminacy

3 4 7 11 18 29 3 4 7 11 18 29

3 4 7 11 18 29 3.05 4.15 72 114 186 299
29 395 685 108 17.7 285 32 4.6 7.8 124 202 326
2.6 3.8 64 102 166 2638 323 469 792 126 205 33.1
254 377 631 101 164 265 3.6 5.8 94 152 246 398
1.8 34 52 86 138 224 35 55 9 145 235 38
2 35 55 9 145 235 34 52 86 138 224 362
22 3.6 5.8 94 152 246 33 4.9 82 131 213 344
24 3.7 6.1 9.8 159 257 32 4.6 7.8 124 202 326

Left Falsity Right Falsity

1 3 4 7 11 18 4 7 11 18 29 47
1.2 3.1 4.3 74 11.7 19.1 39 6.7 106 173 279 452
3 4 7 11 18 29 3 4 7 11 18 29
286 393 679 107 175 282 307 421 728 115 188 303
3 4 7 11 18 29 3 4 7 11 18 29

2 35 55 9 145 235 35 55 9 145 235 38
292 396 6.88 108 17.7 28.6 3.04 412 7.16 113 184 297
1 3 4 7 11 18 4 7 11 18 29 47
2.6 3.8 64 102 166 2638 32 4.6 7.8 124 202 326
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Table 5: The first 6 elements of Neutrosophic Pell Sequence for «, (3, and ~y cuts.

e B v P Py P P Py P Py Py Py Py Py P
Left Truth Right Truth
1 0 1 1 2 5 12 29 70 1 2 5 12 29 70
09 0.05 0.9 0.9 1.9 47 11.3 273 65.9 1.1 23 5.7 13.7 33.1 79.9
0.8 0.2 0 038 1.8 4.4 106 256 61.8 1.2 2.6 6.4 154 37.2 89.8
0.7 023 0.07 0.7 1.7 4.1 99 239 57.7 1.3 29 7.1 17.1 413 99.7
0.6 0.6 0 06 1.6 3.8 92 222 53.6 14 32 78 18.8 454  109.6
0.5 0.5 0.5 0.5 1.5 35 85 205 49.5 1.5 35 8.5 20.5 495 1195
04 04 004 04 1.4 32 7.8 188 454 1.6 3.8 9.2 222 53.6 1294
0.3 0.3 1 0.3 1.3 2.9 7.1 171 41.3 1.7 4.1 9.9 23.9 57.7 1393
Left Indeterminacy Right Indeterminacy
1 2 5 12 29 70 1 2 5 12 29 70
095 195 485 11.65 2815 6795 1.05 215 535 1285 31.05 7495
0.8 1.8 44 10,6 256 61.8 1.2 2.6 6.4 154 37.2 89.8
077 177 431 1039 25.09 60.57 123 2,69 6.61 1591 3843 92.77
0.4 1.4 32 7.8 188 454 1.6 3.8 9.2 222 53.6 1294
0.5 1.5 35 85 205 49.5 1.5 35 8.5 20.5 495 1195
0.6 1.6 3.8 92 222 53.6 1.4 32 7.8 18.8 454  109.6
0.7 1.7 4.1 99 239 57.7 1.3 29 7.1 17.1 413 99.7
Left Falsity Right Falsity
0 1 2 5 12 29 2 5 12 29 70 169
0.1 1.1 23 57 137 33.1 1.9 47 113 27.3 659 159.1
1 2 5 12 29 70 1 2 5 12 29 70
093 193 479 1151 2781 67.13 1.07 221 549 13.19 31.87 7693
1 2 5 12 29 70 1 2 5 12 29 70
0.5 1.5 3.5 85 205 49.5 1.5 35 8.5 20.5 49.5 1195
096 196 4.88 11.72 2832 68.36 1.04 212 528 12.68 30.64 73.96
0 1 2 5 12 29 2 5 12 29 70 169
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Table 6: The first 6 elements of Neutrosophic Pell-Lucas Sequence for «, 3, and -y cuts.

o B ¥ rPLO PL1 PL2 PL3 PL4 PLS5 rPLO PL1 PL2 PL3 PL4 PLS
Left Truth Right Truth
1 0 1 2 6 14 34 82 198 2 6 14 34 82 198
09 0.05 0.9 2 5.6 13.2 32 772  186.4 24 6.8 16 38.8 93.6 226
0.8 0.2 0 2 52 12.4 30 724 1748 2.8 7.6 18 43.6 1052 254
0.7 023 0.07 2 4.8 11.6 28 67.6 1632 32 8.4 20 484 116.8 282
0.6 0.6 0 2 4.4 10.8 26 62.8 151.6 3.6 9.2 22 532 1284 310
0.5 0.5 0.5 2 4 10 24 58 140 4 10 24 58 140 338
04 04 004 2 3.6 9.2 22 532 1284 44 10.8 26 62.8 151.6 366
0.3 0.3 1 2 32 8.4 20 484 116.8 4.8 11.6 28 67.6 163.2 394
Left Indeterminacy Right Indeterminacy
2 6 14 34 82 198 2 6 14 34 82 198
2 5.8 13.6 33 79.6 1922 22 6.4 15 36.4 87.8 212
2 52 12.4 30 724 1748 2.8 7.6 18 43.6 1052 254
2 508 12.16 294 7096 1713 292 7.84 18.6 45.04 108.7 2624
2 3.6 9.2 22 532 1284 44 10.8 26 62.8 151.6 366
2 4 10 24 58 140 4 10 24 58 140 338
2 4.4 10.8 26 62.8 151.6 3.6 9.2 22 532 1284 310
2 4.8 11.6 28 67.6 163.2 32 8.4 20 484 116.8 282
Left Falsity Right Falsity
2 2 6 14 34 82 6 14 34 82 198 478
2 24 6.8 16 38.8 93.6 5.6 13.2 32 772 1864 450
2 6 14 34 82 198 2 6 14 34 82 198
2 572 1344 326 78.64 189.9 2.28 6.56 154 3736 90.12 217.6
2 6 14 34 82 198 2 6 14 34 82 198
2 4 10 24 58 140 4 10 24 58 140 338
2 584 13.68 332 80.08 1934 2.16 6.32 148 3592 86.64 209.2
2 2 6 14 34 82 6 14 34 82 198 478
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Table 7: The first 6 elements of Neutrosophic Jacobsthal Sequence for «, 3, and -y cuts.

e B vy Jo N1 Jo J3 Jy Js Jo J1 Ja J3 Ja Js
Left Truth Right Truth
1 0 1 1 1 3 5 11 21 1 1 3 5 11 21
09 0.05 0.9 0.9 1 2.8 4.8 10.4 20 1 1.2 32 5.6 12 23
0.8 0.2 0 0.8 1 26 46 9.8 19 1 14 34 62 13 25
0.7 023 0.07 0.7 1 24 44 9.2 18 1 1.6 3.6 6.8 14 28
06 0.6 0 0.6 1 22 42 8.6 17 1 1.8 3.8 7.4 15 30
0.5 0.5 0.5 0.5 1 2 4 8 16 1 2 4 8 16 32
04 04 0.04 0.4 1 1.8 3.8 7.4 15 1 22 42 8.6 17 34
0.3 0.3 1 0.3 1 1.6 3.6 6.8 14 1 24 44 92 18 36
Left Indeterminacy Right Indeterminacy
1 1 3 5 11 21 1 1 3 5 11 21
0.95 1 29 49 10.7 205 1 1.1 3.1 53 115 221
0.8 1 26 4.6 9.8 19 1 14 34 6.2 13 254
0.77 1 254 454 9.62 18.7 1 146 346 638 133 26.1
0.4 1 1.8 3.8 7.4 15 1 22 42 8.6 17 342
0.5 1 2 4 8 16 1 2 4 8 16 32
0.6 1 22 42 8.6 17 1 1.8 3.8 7.4 15 298
0.7 1 24 44 9.2 18 1 1.6 3.6 6.8 14 276
Left Falsity Right Falsity
0 1 1 3 5 11 1 3 5 11 21 43
0.1 1 1.2 32 5.6 12 1 2.8 48 104 20 41
1 1 3 5 11 21 1 1 3 5 11 21
0.93 1 286 486 1058 203 1 114 314 542 117 23
1 1 3 5 11 21 1 1 3 5 11 21
0.5 1 2 4 8 16 1 2 4 8 16 32
0.96 1 292 492 1076 20.6 1 1.08 3.08 524 114 22
0 1 1 3 5 11 1 3 5 11 21 43
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Table 8: The first 6 elements of Neutrosophic Jacobsthal-Lucas Sequence for «, 3, and -y cuts.

o B ¥ JLo JLy JLa JL3 JL4 JLs JLo JL JL, JL3 JL4 JLs
Left Truth Right Truth
1 0 1 5 7 17 31 65 127 5 7 17 31 65 127
09 0.05 0.9 4.6 6.8 16  29.6 61.6 120.8 5.2 8 18.4 344 71.2 140
0.8 0.2 0 42 6.6 15 28.2 58.2 114.6 5.4 9 19.8 37.8 77.4 153
0.7 023 0.07 3.8 6.4 14 26.8 54.8 108.4 5.6 10 212 412 83.6 166
0.6 0.6 0 34 6.2 13 254 514 102.2 5.8 11 226  44.6 89.8 179
0.5 0.5 0.5 3 6 12 24 48 96 6 12 24 48 96 192
04 04 004 2.6 5.8 11 22.6 446 89.8 6.2 13 254 514 1022 205
0.3 0.3 1 22 5.6 10 212 412 83.6 6.4 14 268 54.8 108.4 218
Left Indeterminacy Right Indeterminacy
5 7 17 31 65 127 5 7 17 31 65 127
4.8 69 165 30.3 63.3 123.9 5.1 7.5 17.7 32.7 68.1 1335
4.2 6.6 15 28.2 58.2 114.6 54 9 19.8 37.8 77.4 153
408 654 147 2778 57.18 11274 5.46 9.3 2022 3882 7926 156.9
2.6 5.8 11 226 446 89.8 6.2 13 254 514 1022 205
3 6 12 24 48 96 6 12 24 48 96 192
34 6.2 13 254 514 102.2 5.8 11 226  44.6 89.8 179
3.8 6.4 14 26.8 54.8 108.4 5.6 10 212 412 83.6 166
Left Falsity Right Falsity
1 5 7 17 31 65 7 17 31 65 127 257
1.4 52 8 18.4 344 71.2 6.8 16  29.6 61.6 120.8 244
5 7 17 31 65 127 5 7 17 31 65 127
472 686 163 30 62.62 122.7 5.14 7.7 18 3338 69.34 136.1
5 7 17 31 65 127 5 7 17 31 65 127
3 6 12 24 48 96 6 12 24 48 96 192
484 692 16.6 30.4 63.64 124.5 5.08 7.4 17.6 3236 6748 1322
1 5 7 17 31 65 7 17 31 65 127 257
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Table 9: The first 6 elements of Neutrosophic Balancing Sequence for «, 3, and -y cuts.

o ,3 Y B() B1 BQ B3 B4 Bs BO Bl B2 BB B4 BS
Left Truth Right Truth
1 0 1 1 6 35 204 1189 6930 1 6 35 204 1189 6930
0.9 0.05 0.9 0.9 5.5 32.1 187 1091 6356 1.5 8.9 51.9 302.5 1763 10276
0.8 0.2 0 0.8 5 29.2 170 992 5782 2 11.8 68.8 401 2337 13622
0.7 023 0.07 0.7 4.5 26.3 153 893.5 5208 2.5 14.7 85.7 499.5 2911 16968
0.6 0.6 0 0.6 4 234 136 795 4634 3 17.6 103 598 3485 20314
0.5 0.5 0.5 0.5 3.5 20.5 120 696.5 4060 3.5 20.5 120 696.5 4060 23661
0.4 04 0.04 0.4 3 17.6 103 598 3485 4 234 136 795 4634 27007
0.3 0.3 1 0.3 2.5 14.7 85.7 499.5 2911 4.5 26.3 153 893.5 5208 30353
Left Indeterminacy Right Indeterminacy
1 6 35 204 1189 6930 1 6 35 204 1189 6930
095 575 3355 1956 11398 6643 1.25 745 4345 25325 1476.1 8603.05
0.8 5 29.2  170.2 992  5781.8 2 11.8 68.8 401 2337.2  13622.2
0.77 485 2833 165.1 96245 5609.6 2.15 12.67 73.87 430.55 25094 14626
0.4 3 17.6  102.6 598 34854 4 234 1364 795 4633.6 27006.6
0.5 3.5 20.5 119.5 696.5 4059.5 3.5 20.5 119.5 696.5 4059.5 23660.5
0.6 4 234 1364 795  4633.6 3 17.6  102.6 598 34854 203144
0.7 4.5 26.3 1533 893.5 5207.7 2.5 14.7 85.7 499.5 29113 16968.3
Left Falsity Right Falsity
0 1 6 35 204 1189 6 35 204 1189 6930 40391
0.1 1.5 8.9 51.9 302.5 1763 5.5 32.1 187 1091 6356 37045
1 6 35 204 1189 6930 1 6 35 204 1189 6930
093 565 3297 192 1120 6528 1.35 8.03 46.8 273 1591 9272.3
1 6 35 204 1189 6930 1 6 35 204 1189 6930
0.5 3.5 20.5 120 696.5 4060 3.5 20.5 120 696.5 4060 23661
0.96 5.8 33.84 197 1150 6700 1.2 7.16 41.8 243.4 1419 8268.4
0 1 6 35 204 1189 6 35 204 1189 6930 40391
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Table 10: The first 6 elements of Neutrosophic Lucas-Balancing Sequence for «, 3, and -y cuts.

o B ¥ LBy LBy LB, LBs LBy LBs LBy LBy LB LBs3 LBy LBs
Left Truth Right Truth
1 0 1 3 17 99 577 3363 19601 3 17 99 577 3363 19601
09 0.05 0.9 2.8 15.6 90.8 529 3084 17977 4.4 252 147 855.6 4987 29065
0.8 0.2 0 2.6 142 82.6 481 2806 16353 5.8 334 195 1134 6611 38529
0.7 023 0.07 24 12.8 74.4 434 2527 14730 72 416 242 1413 8234 47994
0.6 0.6 0 22 11.4 66.2 386 2249 13106 8.6 498 290 1691 9858 57458
0.5 0.5 0.5 2 10 58 338 1970 11482 10 58 338 1970 11482 66922
04 04 004 1.8 8.6 498 290 1691 9858 11.4 66.2 386 2249 13106 76386
0.3 0.3 1 1.6 72 416 242 1413 8234 12.8 74.4 434 2527 14730 85850
Left Indeterminacy Right Indeterminacy
3 17 99 577 3363 19601 3 17 99 577 3363 19601
29 16.3 949 553.1 32237 18789 3.7 21.1 1229 7163 41749 24333.1
2.6 14.2 82.6 4814 28058 16353 5.8 334 1946 11342 6610.6 38529.4
254 13778 80.14 467.1 27222 15866 6.22 3586 2089 1217.8 7097.7 41368.7
1.8 8.6 498 2902 16914 98582 114 66.2 385.8 2248.6 13106 76386.2
2 10 58 338 1970 11482 10 58 338 1970 11482 66922
22 11.4 66.2 385.8 2248.6 13106 8.6 498 2902 16914 98582 57457.8
24 12.8 744 433.6 25272 14730 72  41.6 2424 1412.8 82344 47993.6
Left Falsity Right Falsity
1 3 17 99 577 3363 17 99 577 3363 19601 114243
1.2 44 252 147 855.6 4987 15.6 90.8 529 3084 17977 104779
3 17 99 577 3363 19601 3 17 99 577 3363 19601
2.86 16  93.26 544 3168 18464 398 22.74 132 772 4500 26226
3 17 99 577 3363 19601 3 17 99 577 3363 19601
2 10 58 338 1970 11482 10 58 338 1970 11482 66922
292 164 9572 558 3252 18951 3.56  20.28 118 688.4 4013 23387
1 3 17 99 577 3363 17 99 577 3363 19601 114243
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Table 11: The first 6 elements of Neutrosophic Mersenne Sequence for «, 3, and -~y cuts.

« B v My M, M, Ms My Ms My My M M3 My Ms
Left Truth Right Truth
1 0 1 1 3 7 15 31 63 1 3 7 15 31 63
09 0.05 0.9 0.9 2.8 6.6 14.2 294 59.8 1.2 34 7.8 16.6 342 69.4
0.8 0.2 0 0.8 2.6 6.2 13.4 27.8 56.6 1.4 3.8 8.6 18.2 37.4 75.8
0.7 023 0.07 0.7 24 5.8 12.6 26.2 534 1.6 42 9.4 19.8 40.6 82.2
0.6 0.6 0 0.6 22 54 11.8 24.6 50.2 1.8 46 102 214 438 88.6
0.5 0.5 0.5 0.5 2 5 11 23 47 2 5 11 23 47 95
04 04 004 04 1.8 4.6 10.2 214 438 22 54 118 24.6 50.2 101.4
0.3 0.3 1 0.3 1.6 42 9.4 19.8 40.6 24 58 126 26.2 534 107.8
Left Indeterminacy Right Indeterminacy
1 3 7 15 31 63 1 3 7 15 31 63
0.95 29 6.8 14.6 30.2 61.4 1.1 32 7.4 15.8 32.6 66.2
0.8 2.6 6.2 134 27.8 56.6 14 3.8 8.6 18.2 374 75.8
077 254 6.08 13.16 27.32 55.64 146 392 884 18.68 3836 77.72
0.4 1.8 4.6 10.2 214 438 2.2 54 118 24.6 50.2 101.4
0.5 2 5 11 23 47 2 5 11 23 47 95
0.6 22 54 11.8 24.6 50.2 1.8 46 10.2 214 438 88.6
0.7 2.4 5.8 12.6 26.2 534 1.6 42 9.4 19.8 40.6 82.2
Left Falsity Right Falsity
0 1 3 7 15 31 3 7 15 31 63 127
0.1 1.2 34 7.8 16.6 342 2.8 6.6 142 294 59.8  120.6
1 3 7 15 31 63 1 3 7 15 31 63
093 286 6.72 144 29.88 60.76 1.14 328 756 16.12 3324 6748
1 3 7 15 31 63 1 3 7 15 31 63
0.5 2 5 11 23 47 2 5 11 23 47 95
096 292 6.84 147 3036 61.72 1.08 3.16 7.32 1564 3228 65.56
0 1 3 7 15 31 3 7 15 31 63 127
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Table 12: The first 6 elements of Neutrosophic Mersenne-Lucas Sequence for v, 3, and -y cuts.

o B ¥ MLy MLy MLy, ML3s MLy MLs MLy MLy MLy, ML3s MLy MLs
Left Truth Right Truth
1 0 1 3 5 9 17 33 65 3 5 9 17 33 65
09 0.05 0.9 29 4.8 8.6 16.2 314 61.8 32 54 9.8 18.6 36.2 714
0.8 0.2 0 2.8 4.6 8.2 15.4 29.8 58.6 3.4 5.8 10.6 20.2 39.4 77.8
0.7 023 0.07 2.7 4.4 7.8 14.6 28.2 554 3.6 6.2 11.4 21.8 42.6 84.2
0.6 0.6 0 2.6 4.2 74 13.8 26.6 522 3.8 6.6 12.2 234 45.8 90.6
0.5 0.5 0.5 2.5 4 7 13 25 49 4 7 13 25 49 97
04 04 004 24 3.8 6.6 12.2 234 458 4.2 7.4 13.8 26.6 522 1034
0.3 0.3 1 23 3.6 6.2 11.4 21.8 42.6 44 7.8 14.6 28.2 554 109.8
Left Indeterminacy Right Indeterminacy
3 5 9 17 33 65 3 5 9 17 33 65
2.95 49 8.8 16.6 322 63.4 3.1 52 9.4 17.8 34.6 68.2
2.8 4.6 8.2 154 29.8 58.6 34 5.8 10.6 20.2 394 77.8
2.77 4.54 8.08 15.16 2932 57.64 3.46 592 10.84 20.68 4036 79.72
2.4 3.8 6.6 12.2 234 458 42 7.4 13.8 26.6 522 103.4
2.5 4 7 13 25 49 4 7 13 25 49 97
2.6 4.2 74 13.8 26.6 522 3.8 6.6 12.2 234 45.8 90.6
2.7 44 7.8 14.6 28.2 554 3.6 6.2 11.4 21.8 42.6 84.2
Left Falsity Right Falsity
2 3 5 9 17 33 5 9 17 33 65 129
2.1 32 54 9.8 18.6 36.2 4.8 8.6 16.2 314 61.8 122.6
3 5 9 17 33 65 3 5 9 17 33 65
293 4.86 872 1644 31.88 62.76 3.14 5.28 9.56 18.12 3524 69.48
3 5 9 17 33 65 3 5 9 17 33 65
25 4 7 13 25 49 4 7 13 25 49 97
2.96 4.92 8.84 16.68 3236 63.72 3.08 5.16 932 17.64 3428 67.56
2 3 5 9 17 33 5 9 17 33 65 129
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